The compound N 1 -phenylhydrazine-1,2-bis(carbothioamide) was synthesised from phenylisothiocyanate reacting with thiosemicarbazide refluxing the mixture in ethanol. The new compound obtained was characterised by various spectral and elemental analyses. It was subjected to antibacterial, antioxidant and brine shrimp lethality bioassay. The compound showed brine shrimp lethality with LC 50 value of 12.79 μg which was comparable to vincristine with LC 50 value of 0.33 μg. The compound did not exhibit any antimicrobial activity against Gram +ve and Gram −ve organisms, as well as against the tested fungal strains. But very good free radical scavenging activity was observed at concentration range of 0.185-100 μg with IC 50 values of 1.43 μg in comparison to reference standard butylated hydroxytoluene (BHT) with IC 50 value 16.46 μg.
Introduction
The chemistry of thiourea derivatives has received considerable attention in view of their variable bonding modes, promising biological implications. They have been used as drugs and are reported to possess a wide variety of biological activities against the bacteria and fungi. Thiosemicarbazones are compounds that have been studied for a considerable period of time for their biological properties. Thiosemicarbazone, a large group of thiourea derivatives, exhibits various biological activities and has therefore attracted considerable pharmaceutical interest [1] . They have been evaluated as antiviral [2] , antioxidant [3] , antibacterial [4, 5] , antitumor [6, 7] , anticancer [8, 9] , and antitubercular [10] [11] [12] therapeutics over the last 50 years, whose biological activities are a function of parent aldehyde or ketone moiety [13] . Thiosemicarbazones are potent intermediates for the synthesis of pharmaceutical and bioactive materials, and, thus, they are used extensively in the field of medicinal chemistry [14] .
A number of N-substituted arylthiosemicarbazide derivatives were prepared by the reaction of 2-hydrazinocarbonyl-3-chloro-5-phenoxy-benzo[b]thiophene with different substituted phenyl isothiocyanate, and the compounds were evaluated for antimicrobial and antitubercular activity [15] . A series of new derivatives of α-phenylcinnamoyl thiosemicarbazides have been synthesized and were screened for their antibacterial activity [16] . In view of the above applications, the present work was designed to synthesise N 1phenylhydrazine-1,2-bis(carbothioamide) (Scheme 1) and was investigated for antibacterial, cytotoxic, and antioxidant activities.
Material and Methods
2.1. General. All chemicals used were of reagent grade (supplied by Sigma) and used as supplied. The FT IR spectra in the range (4000-400) cm −1 were recorded as KBr disc on FT IR 8300 Shimadzu Spectrophotometer. 1 Two milliliters of a methanol solution of the extract of each concentration were mixed with 3 mL of a DPPH-methanol solution (20 mg/L) and allowed to stand for 30 min for the reaction. Then, the absorbance was measured at 517 nm using an Analytic Jene Spekel 1300 UV spectrophotometer, and from these values, the corresponding percentage of inhibitions was calculated by using the following equation:
Then, percent inhibitions were plotted against respective concentrations. The IC control values were calculated as the concentration of each sample required to give 50% DPPH radical scavenging activity from the graph. The BHT (tertbutyl-1-hydroxytoluene) a potential antioxidant, was used as positive control. The experiment was performed in three replicates.
Brine Shrimp Lethality
Bioassay. The brine shrimp lethality bioassay was used to predict the cytotoxic activity [20, 21] of the compound. For the experiment, 4 mg of the compound N 1 -phenylhydrazine-1,2-bis(carbothioamide) was dissolved in dimethyl sulfoxide (DMSO) and solutions of varying concentrations (400, 200, 100, 50, 25, 12.5, 6.25, 3.13, 1.56, and 0.78 μg/mL) were obtained by the serial dilution technique using simulated seawater. The solutions were then added to the premarked vials containing 10 live brine shrimp nauplii in 5 mL simulated seawater. After 24 h, the vials were inspected using a magnifying glass, and
Organic Chemistry International 3 the number of survived nauplii in each vial was counted. The mortality endpoint of this bioassay was defined as the absence of controlled forward motion during 30 sec of observation [19] . From this data, the percent of lethality of the brine shrimp nauplii for each concentration and control was calculated. Vincristine sulphate was used as positive control.
Results and Discussion
The compound N 1 -phenylhydrazine-1,2-bis(carbothioamide) was synthesised from phenylisothiocyanate reacting with thiosemicarbazide refluxing the mixture in ethanol for two hours with 73% yield (Scheme 1). The synthesised compound was characterised by elemental analysis, IR, UV-Vis, NMR spectroscopic methods. The compound showed maximum absorption (λ max ) at 305 and 315 in solvent DMSO. The IR spectra of N 1 -phenylhydrazine-1,2-bis(carbothioamide) was ascertained by the presence of characteristic bands. A band appearing at 3320 cm −1 is assigned to terminal NH 2 group. The band at 1360-1420 cm −1 is due to C-N stretching vibration, while the band appearing at 1283 cm −1 is assigned to C=S stretching vibration.
In the NMR spectrum, the three most deshielded signals were broad. The chemical shifts of acidic protons of N-H are about δ 9.66, 9.60, 9.36 ppm. Signal at δ 8.06 ppm shows one signal due to the presence of one −NH 2 group (partially exchanged with D 2 O present in DMSO-d 6 ). The other protons at benzene ring resonance come out in downfield, and this can be corroborated with concrete examples: The ortho-protons, δ = 7.49 ppm (d, 2H, J = 8.6 Hz), appear in downfield due to weak intramolecular hydrogen-bonded reaction N-H· · · C. The meta-protons appear at δ = 7.31 ppm (t, 2H, J = 7.6; J = 8.6 Hz), the para-proton appears at δ = 7.14 ppm (t, 1H, J = 7.6 Hz).
The most deshielded 13 C-NMR signals correspond to C = S groups. The carbon atom of thiocarbonyl groups δ 182.8, 187.4 ppm shows the highest values, due to the lower excitation energy n-π * and due to the existence of the intramolecular hydrogen bond related to the thionyl sulfur atom. This suggests that the use of very strong electronwithdrawing substituents may reduce the nucleophilic character of the C=S group.
The COSY spectrum reveals the 1 H-1 H coupling interactions in a molecule. It is usually plotted as three-dimensional contours, where the conventional spectrum is represented along the diagonal (Figure 1) . The cross-peaks along both the sides of the diagonal identify the nuclei that are coupled to each other. On the contrary, the protons that are decoupled from the adjacent ones due to the lack of α-protons will show no correlation in the spectrum.
For instance, in the COSY spectrum of the compound, absence of any off diagonal peaks extending from δ = 9.66 to 8.06 ppm confirms their assignment to N-H protons. Based on the cross-correlation pattern of aromatic ortho (o), meta (m) or, para (p) protons of the compound, it is confirmed that the triplet (t) at 7.31 ppm (J = 8.6 Hz) corresponds to two meta-protons that showed two strong 1,2-correlations with neighboring ortho-and para-protons. The doublet (d) at 7.49 ppm (J = 8.6 Hz) corresponds to two ortho-protons that showed a weak 1,3 cross-correlation with the paraproton at 7.14 ppm (t, J = 7.6 Hz). So the electron density order looks p > m > o. But, theoretically the order should be p > o > m or p = o > m. The thioamide-protons show no cross-correlation at all, because they are three or four bonds apart from each other.
3.1. Antimicrobial Screening. The compound did not exhibit any antimicrobial or antifungal activity against any organism tested.
Antioxidant Activity.
The DPPH antioxidant assay is based on the ability of 1,1-diphenyl-2-picryl-hydrazyl (DPPH), a stable free radical, to be decolorized in the presence of antioxidants. The DPPH radical contains an odd electron, which is responsible for the absorbance at 517 nm and also for visible deep purple color. When DPPH accepts an electron donated by an antioxidant compound, the DPPH is decolorized which can be quantitatively measured from the changes in absorbance. The IC 50 value of DPPH radicals scavenging for the compound was 6.44±0.04 μg/mL, respectively, which is comparable to the reference standards tert-butyl-1-hydroxytoluene (BHT) ( Table 1 ). In case of antioxidant screening, the compound showed very strong free radical scavenging activity (IC 50 value of 1.43 μg/mL) and comparable to the reference standard BHT (IC 50 value of 16.46 μg/mL).
Brine Shrimp Lethality Bioassay.
In Brine shrimp lethality bioassay, the LC 50 value of the compound was found to be 12.79 μg/mL (Table 2 ). However, varying degree of lethality to Artesia salina was observed with exposure to different dose levels of the test samples. In other words, % mortality increased gradually with the increase in concentration of Brine shrimp lethality bioassay is a rapid and comprehensive bioassay for the bioactive compound of the natural and synthetic origin. By this method, synthesized pure compound can be tested for their bioactivity. In this method, in vivo lethality in a simple zoological organism (Brine shrimp nauplii) is used as a favourable monitor for screening and fractionation in the discovery of new bioactive compounds. This bioassay indicates cytotoxicity as well as a wide range of pharmacological activities such as antimicrobial, antiviral, pesticidal, and antitumor, and so forth. From the results of the brine shrimp lethality bioassay, it can be well predicted that the compound has considerable cytotoxic potency. Further bioactivity-guided investigation can be done to find out potent antitumor and pesticidal activity of the compound.
Conclusion
The results of the spectroscopic and elemental analyses were in good agreement with the structure of the proposed compound. It was found that the compound showed brine shrimp lethality with LC 50 value of 12.79 μg which was comparable to vincristine with LC 50 value of 0.33 μg. The compound did not exhibit any antimicrobial activity against Gram +ve and Gram −ve organism, as well as against the tested fungus. But very good free radical scavenging activity was observed at concentration range of 0.185-100 μg with IC 50 values of 1.43 μg in comparison to reference standard butylated hydroxytoluene (BHT) with IC 50 value 16.46 μg. Finally, from these bioassay studies report, the compound can be exploited as cytotoxic agent against tumor or cancer and as antioxidant for free radical scavenging.
